ABSTRACT-This study aimed to evaluate the fungitoxic (antifungal) effect of seven essential oils on Plasmopara viticola, the causal agent of grapevine downy mildew. The cinnamon, eucalyptus globulus, marjoram, melaleuca, peppermint, oregano and white thyme essential oils were compared with the mancozeb + metalaxyl-M fungicide. Three experiments were conducted to evaluate the effect of essential oils on spore germination. The first experiment evaluated the effect of direct contact of essential oils on the pathogen; the second evaluated the effect of volatile compounds on the pathogen and the third assessed the behavior of essential oils, when applied to vine leaves in field conditions, on the pathogen. All essential oils inhibited the spores' germination, but in varying degrees, in addition, presenting fungistatic activity. All the essential oils showed chemical instability when the incubation time or the interval between products application where increased, all oils decrease antifungal activity percentage. Noteworthy, the cinnamon and the eucalyptus globulus essential oils were the most fungitoxic (antifungal) on P. viticola. Index terms: Fungicidal activity, fungistatic activity, alternative control, spore germination. 
INTRODUCTION
The grapevine (Vitis spp.) is economically one of the most important fruits cultivated in the world, because of the diverse uses of its fruits. It is present in more than 90 countries and in Brazil it occupies the twelfth place in planted area (ha) among the fruits (Food and Agriculture Organization). The production of grapes in Brazil in 2013 was 1,439.5 thousand tons, in a harvested area of 79.1 thousand hectares (IBGE, 2014) .
A number of factors, including diseases, can influence the grapevine productivity. The most important for the crop is downy mildew caused by Oomyceto Plasmopara viticola (Berk. & Curtis) Berl. & Toni. Due to its biotrophic characteristic, it can infect all the green tissues, reducing the photosynthetic area and blocking the translocation of assimilates, from its source of production to the growth areas and fruits, causing the plant death (AZIZ et al., 2006) . Under favorable climatic conditions, and when control measures are not applied, downy mildew can reduce fruit yield up to 70% (GARRIDO; ANGELOTTI, 2011) .
The downy mildew control carries out in a similar way in all producing regions, with weekly applications of fungicides, increasing production costs, risks of workers intoxication and environment contamination (NAVES et al., 2006) . Although chemical control has contributed for several years to economic viability and efficiency in disease control in crop, there is a growing concern about environmental damage, consumer health and resistance development due to the repeated use of synthetic compounds (TRIPATHI et al., 2008) .
In the search for new alternatives for the control of plant diseases, secondary plant metabolism compounds present in essential oils with antifungal potential may be a viable option in the management of plant diseases in pre-and postharvest (CHAGAS et al., 2014; MAIA et al., 2014) . In the worldwide literature, there is a significant increase in the number of studies that seek to find antifungal activity of essential oils as an alternative control of several plant pathogens, with promising results for cinnamon (RANASINGHE et al., 2002; KISHORE et al., 2007; MAQBOOL et al., 2010) , eucalyptus (LORENZETTI et al., 2012) , marjoram (FIALHO, 2012) , melaleuca (FRASSON et al.,2010) , peppermint (CHAGAS et al., 2014) oregano (MALLET et al., 2014) and white thyme oils (PERINA et al., 2015) . Aiming at to contribute to one more option to control the downy mildew of the grapevine, the objective of this study was to evaluate the antifungal effect of essential oils on the spore germination of P. viticola, a causal agent of grapevine downy mildew.
MATERIALS AND METHODS
Three experiments were carried out at the Laboratory of Plant Diseases of the University of Engineering, UNESP -São Paulo State University, Ilha Solteira Campus and in a private vineyard located in the Green Belt, in the municipality of Ilha Solteira/SP. Selected based on results from previous experiments (FIALHO, 2012) and purchased from the Ferquima Ind. and Com. Ltda. Company (Vargem Grande Paulista-SP), the essential oils were obtained from leaves of cinnamon (Cinnamomum zeylanicum Blume), eucalyptus (Eucalyptus globulus Labill), marjoram (Origanum majorana L.), melaleuca (Melaleuca alternifolia Cheel), peppermint (Mentha piperita L.) and oregano (Origanum vulgare L.) and from flower and leaves of white thyme (Thymus vulgaris L.) plant.
Following the recommendation of Agrofit (2015), these essential oils were compared with a chemical control, the commercial product Ridomil Gold MZ, a fungicide specific for downy mildew control. This product is consisted of the mancozeb + metalaxyl-M mixture, at 640 + 40 g a.i. kg -1 of c.p. and recommended at the dose of 2.5 g of c.p. L -1 of water, which corresponds, respectively, to 1.6 + 0.1 of a.i. L -1 . To guarantee the perfect mixing of essential oils or fungicide plus water was used Tween 80 detergent (0.5%).
To prepare the spore suspensions of P. viticola, as used in the three conducted experiments, leaves of grapevines with symptoms of downy mildew, were collected in the field and packed in plastic bag. Those leaves were kept in a polystyrene box until its handling in the laboratory. The spores, with the help of a brush, were transferred to a beaker containing 10 mL of sterilized deionized water. The spore suspensions were filtered through double gauze and the concentration were adjusted to 2 x 10 4 spores mL -1 . Disruption of spore germination, when necessary, carried out by deposition of one drop of lactoglycerol on the spore suspension, per Petri dish. The evaluation of spore germination, under optical microscopy, only considered those that had the zoospores release and emptiness appearance. After determining the percentage of spore germination, using 100 spores per replication, it was possible to calculate the percentage of spore germination inhibition (PGI) of each treatment, in relation to the DOI 10.1590/0100-29452017015 Jaboticabal -SP chemical control treatment.
Evaluation of the direct contact of the essential oils on the spore germination of P. viticola
The effect of the direct contact time and oils concentrations on the spore germination of P. viticola were evaluated by adding essential oil or fungicidal plus Tween 80 at 0.5% to the still-fused agar-water (AW) culture medium. The essential oils were used at concentrations of 0.1; 0.5; 1; 2 and 4% and the fungicide at the recommended dose for field application (AGROFIT, 2015) . The control treatment consisted only of AW culture medium plus Tween 80 at 0.5%. On the solidified medium was deposited 80 μL of the spore suspension and the Petri dishes were conditioned in the incubator at 25 °C, for 6, 12, 24 and 48 h. At the end of each period, the spore germination were evaluated by interrupting this process. The experimental design was completely randomized, with a factorial arrangement of 7 x 5 x 4 + 1 (essential oils x concentrations x incubation periods + fungicide (additional treatment)), with five replicates, consisting of one Petri dish each.
Evaluation of volatile compounds of essential oils on the spore germination of P. viticola
The effect of the volatile compounds of the essential oils on the germination of P. viticola were evaluated by soaking qualitative filter paper disks, with four centimeters in diameter, on essential oils or fungicide solution. The disks were placed under the lid, on the inner surface of the Petri dish (90 x 15 mm), according to the modified methodology of Ootani (2010) , and 95 mL of air was used as the standard value for each Petri dish. The concentrations of essential oils of 0.1; 0.5; 1; 2 and 4% were expressed as volume of volatile compounds in filter paper, by volume of Petri dish, converted to 0.095; 0.475; 0.95; 1.9 and 3.8 mL mL -1 of air. The concentration of the Ridomil Gold MZ fungicide of 2.5 g of c.p. L -1 water was expressed as commercial product grams on filter paper, by volume of Petri dish, and converted to 0.0025 g of c.p. mL -1 of air. Thus, 0.24 g of c.p. was used for each repetition. For the control treatments, the filter paper was only moistened with deionized and sterilized water.
On the AW culture medium, 80 μL of the spore suspension were deposited. The Petri dishes were wrapped with plastic film, with the lid facing down, and placed at 25°C, in an incubator. For each treatment, five replicates, consisting of one Petri dish each, were used. Thus, five plants were evaluated after 24h of incubation. The lids of the remaining five Petri dishes from each treatment were exchanged for fresh lids, without the filter paper. After being sealed again with plastic film, they were incubated at 25 °C. The second evaluation of spore germination was performed 48 h after the initial incubation. The exchange of Petri dish lids occurred in order to evaluate the existence of fungistatic activity of the oils on spore germination, with 24 and 48 h of incubation.
The experimental design was completely randomized, with a factorial arrangement of 7 x 5 x 2 + 1 (essential oils x concentrations x incubation periods + fungicide (additional treatment)), with five replicates, consisting of one Petri dish each. With the data, the percentage of spores' germination inhibition (PGI) was calculated after 24 and 48 h of incubation. The fungistatic activity of the essential oils was considered the difference between the percentages of spore germination inhibition between the two incubation periods. If there is a fungistatic activity of the essential oils, the spore PGI will be higher in the evaluation after 24 h and lower after 48 h of incubation, that is, initially the spores may not germinate but they germinate later without the presence of the volatile compounds.
Evaluation of essential oils in the spore germination of P. viticola, applied on grapevine leaves under field conditions
This experiment was carried out on a private property, in a vineyard area of the Niagara White variety, conducted on an espalier, with spacing of 1.0 x 2.0 m. As the property's grapevine plants were not pruned and did not receive chemical treatment throughout the crop cycle, there was a natural occurrence of downy mildew. For each treatment, four grapevine sprouts with six to eight leaves were identified, which showed, visually, recent sporulation of P. viticola.
For the application of the essential oils in the grapevine leaves in the field, the average concentration of the oils evaluated under laboratory conditions was used. These were prepared at 1% and the fungicide was at the recommended dose for field application (AGROFIT, 2015) . For the control treatment, deionized water was applied. In all treatments, Tween 80 at 0.5% and the formulated preparations were applied with the aid of a hand sprayer, equipped with the full cone type nozzle. During the application, a transparent plastic bag was used to wrap the branch and to avoid the drift of the products in the neighboring branches. The application was only carried out on the identified grapevine sprouts, which was done before 9 o'clock in the morning, until the point of run-off.
DOI 10.1590/0100-29452017 015 Jaboticabal -SP After 24 and 48 h of the application, two leaves of each sprout were collected from each replicate, totaling eight leaves per treatment. From these, spore suspensions were prepared for each treatment so that the viability of P. viticola spores could be compared after 24 and 48 h of the products application. On the solidified AW culture medium, 80 μL of the spore suspension were deposited. These dishes were housed in an incubator at 25°C for 12 h. After this period, the germination process was interrupted to carry out the spore germination evaluations. The experimental design was completely randomized, with a factorial arrangement of 7 x 1 x 2 + 2 (essential oils x concentrations x incubation periods + control + fungicide (additional treatment)), with five replicates, consisting of one Petri dish each.
Statistical Analysis
The data were submitted to the variance and regression analyses. In the qualitative factor (essential oils), the averages were compared by the Skott-Knott test at 5% probability, and for the quantitative factors (time and concentrations) regression equations were adjusted based on the "F" test of the coefficients at 5% probability and in the coefficient of determination (R²). The Dunnett test at 1% probability was carried out to compare the PGIs obtained in each essential oil and with the PGIs of the additional treatment (fungicide). All analyzes were carried out using the R statistical program (R DEVELOPMENT CORE TEAM, 2011). To determine the most efficient essential oil in direct contact or volatile compounds with the pathogen, in each evaluation period, the CL 50 of the essential oils were calculated from the regression equations adjusted for each period or their average, when the interactions between the sources of variation were not significant.
RESULTS AND DISCUSSION
Effect of the direct contact of the essential oils on the spore germination of P. viticola
In direct contact of the essential oils on the PGI of P. viticola spores and disregarding the concentrations, the cinnamon oil showed the highest percentage of germination inhibition (70%), followed by eucalyptus globulus and marjoram, while the lowest values of PGI were found for white thyme (43%) and oregano (Table 1) . Different from the oils, there was no reduction in PGI in function of the incubation period for the chemical control (Table 1) .
The different behaviors of the essential oils on the pathogen, verified in this study, may be related to their chemical composition. However, in addition to concentrations and genetic traits, other factors are responsible for influencing the chemical composition of essential oils, such as age and stage of plants development; climatic and environmental factors; the part of the plant used; the soil and fertilization, in addition to the distillation and storage conditions (OLADIMEJI et al., 2001; MORAIS, 2009) .
The effect of the essential oils in direct contact with the pathogen also varied over the long period of incubation, for inhibition of 50% of the spore germination (CL 50 ). Among the seven essential oils evaluated, cinnamon is the most antifungal on P. viticola, and the only one to present when exhibiting CL 50 after 12 h of incubation (Table 1 ). The basil and melaleuca oil, with PGI of 64 and 59%, respectively, showed CL 50 below 0.1% after 6h of incubation, while oregano and white thyme were again the least efficient in all periods, and peppermint for the two largest incubation periods (Table 1) .
These different sensitivities of pathogens to essential oils were also related to the chemical concentration and to the nature of their constituents (CHANG et al., 2001) . The aldehydes, when compared to alcohols, provide greater antifungal control, according to Kalemba and Kunicka (2003) ; for the eucalyptus essential oil, Viturro et al. (2003) found that terpenoid alcohol 1.8-cineol is the main constituent, whereas Koketsu et al. (1997) reported that in cinnamon bark oil, cinnamic aldehyde (55%) and eugenol (12%) are found. Thus, the higher antifungal activity of cinnamon oil may be due to the high aldehyde content in its composition.
The spore PGI of P. viticola showed different behaviors in function of the incubation periods (6, 12, 24 and 48 h) x the concentrations of the essential oils. In the highest concentration (4%), the highest germination inhibition was observed for all oils, especially cinnamon, eucalyptus, marjoram and melaleuca, which provided 100% inhibition of P. viticola spore germination after 6 h incubation. At the same concentration and incubation period, all the oils showed the highest PGI above 85%, however, regardless of the concentration used, the lowest PGI occurred with an increase in the incubation period (Figures 1 and 2) .
The overall average PGI of the manconzeb + metalxil-M fungicide was 89%, significantly higher than the overall average PGI of all evaluated oils (Table 1) . However, the cinnamon essential oils after 6 h incubation at 1% concentration and after 12 and 24 h at 4%; the eucalyptus globulus after 12 and 24 h at 4%; the marjoram after 6 h at 0.5 and 1%, and after 12 h at 2 and 4%; the melaleuca after 6 h at 0.5% and after 12 h at 2 and 4%; the peppermint after 6 h at 2 DOI 10.1590/0100-29452017015 Jaboticabal -SP and 4% and the oregano and white thyme after 6 h at 4% concentration did not differ significantly from the fungicide treatment. In addition, the essential oils of cinnamon, eucalyptus, marjoram and melaleuca after 6 h of incubation at 2 and 4% were more efficient when compared to the fungicide (Table 2) .
The positive results verified in the control of the P. viticola spore germination, by the cinnamon essential oil in this study, corroborate the reported by other authors, but for different pathogens. Maqbool et al. (2010) . During the evaluation of PGI by direct contact of the essential oils, we detected that the oils killed part of the pathogen spores, and that the other part remained without germinating, due to the fungistatic action. That is, in the incubation longer periods, due to luminosity, heat, oxygen and humidity, the oils must have been degraded, allowing the germination of dormant spores. For Simões and Spitzer (2004) , when the oils are exposed for longer period under environmental conditions, they become very unstable, suffering numerous reactions of chemical decomposition, losing their quality due to the concentration decrease of main components.
Effect of volatile compounds of essential oils on the spore germination of P. viticola
As for the volatile compounds of the essential oils, spore PGI varied and showed the interaction of concentrations within the incubation periods ( Figure  3 ). For cinnamon ( Figure 3A ), eucalyptus globulus ( Figure 3B ) and melaleuca oils ( Figure 3C ), the regression curves were determined from the average of the two incubation periods, while the interactions between the variation sources were not significant. For the other oils, there were interaction between the incubation periods and the concentrations, and the regression curves were determined for each incubation period, evidencing the differentiated behavior of the concentrations within each period. All the essential oils showed a quadratic positive adjustment for the concentrations.
Regardless of the incubation period, for all essential oils, the PGI values were higher with the increased concentrations. After 24 h of incubation, marjoram, peppermint, oregano and white thyme provided the highest spore PGI values, but with the increase in incubation time for 48 h, all oils showed a reduction in these values (Figure 3 ). This reduction of spore PGI throughout the incubation period can be considered fungistatic. No studies were found evaluating the fungistatic activity of the essential oils studied on P. vticola. However, Silva et al. (2012 Silva et al. ( , 2014 found higher antifungal activity of cinnamon aqueous extract on P. viticola spores in the shortest incubation period, but as the incubation period increased, the spore PGI reduced. The authors attributed this higher fungistatic activity to the loss of the antifungal properties of the extracts, due to the longer incubation period. Leite et al. (2011) also reported fungistatic activity of garlic extract and vegetable oil in the control of grapevine downy mildew and germination of sporangia of P. viticola causative agent.
After 48 h of incubation, the highest PGIs for spores kept in contact with volatile compounds, cinnamon and eucalyptus globulus oils showed the lowest ones (Table 3) . For this same incubation period, as incubation periods increase, CL 50 also increased, indicating the need for a higher oil concentration to inhibit 50% of spore germination. The efficiency of these products depends on the time of spores' exposure to the product active principle (BANIHASHEMI; ABIVARDI, 2011). After analysis by scanning electron microscopy in samples treated with lemon grass and citronella oils on A. solani, Lucas (2012) found that they delayed the germination process of the conidia, acting as fungistatics, and not fungicide, as was believed.
The spore PGI (75%) for manconzeb + metalxyl-M, regardless of the incubation time, exhibited a higher overall average for all evaluated oils. However, the cinnamon essential oil after 24 and 48 h of incubation at 2 and 4% concentration; of melaleuca after 24 hours at 2 and 4% and after 48 h at 4%; of eucalyptus globulus after 24 and 48 h at 4% and those of marjoram, oregano and white thyme after 24 h at 4% concentration did not differ significantly from the fungicide treatment (Table 4) .
Considering the contact of the P. viticola spores with the volatile compounds of the essential oils, the eucalyptus globulus stands out as the most efficient in inhibiting spore germination, as it presented CL 50 below 1%, while peppermint was the less efficient, and it is not possible to determine the required concentration capable of inhibiting spore germination by 50% (Table 3) .Other authors have also confirmed this activity for this oil, as Ootani (2010) , who reported this effect on Aspergillus sp., Pyricularia grisea (Cooke) Sacc and Colletroticum musae. Vilela et al. (2009) found the effect of volatile compounds of eucalyptus oil on Aspergillus DOI 10.1590/0100-29452017 015 Jaboticabal -SP flavus Link and Aspergillus parasiticus Speare from the dose of 500 μL, with more than 90% of mycelial inhibition for all fungi. Silva et al. (2013) observed 100% inhibition of mycelial growth and spore germination of Cercospora coffeicola Berk & Cook by eucalyptus globulus oil. Piatti et al. (2011) reported that, at a concentration of 0.5%, the eucalyptus globulus essential oil provided inhibition of spore germination of Penicillium sp., significantly higher than the Azoxystrobin fungicide.
Effect of essential oils in the spore germination of P. viticola applied on grapevine leaves under field conditions
After the application of the essential oils and fungicide on grapevine leaves, the highest PGIs were found after 24 h of application for all oils (Table  3) . Among the essential oils, the most efficient were cinnamon and oregano (both with 65% PGI), followed by eucalyptus globulus (57%), while the less efficient ones were melaleuca and peppermint (15 and 17%, respectively). After 24 h of application, the essential oils of cinnamon and oregano did not differ significantly from the fungicide used (Table 5) .
After 48 h of application of the extracts on the leaves, the cinnamon and eucalyptus globulus oils were again the most efficient, with PGI values very close to those detected in the evaluation of 24 h (57 and 54%, respectively), as well as the melaleuca and peppermint oils were the least efficient (PGI of 7 and 8%, respectively). The melaleuca, peppermint and white thyme oils exhibited a reduction of about 50% in PGI values between 24 and 48 h of incubation. The treatment with the fungicide was the most efficient in the field (PGI of 62%), both after 24 and 48 h of application (Table 3 and 5).
The existence of the fungistatic activity of the oils is not an interesting characteristic for a product to be indicated for the control of the downy mildew, since it will require several applications in short intervals of time to be efficient and it could be associated with another product that confers more stability to the action of the essential oil. In view of the results obtained, the essential oils may be an option to control the grapevine downy mildew, as long as its unstable characteristics are further studied, so that it becomes a product for the field conditions. Values estimated from the linear or quadratic regression equation, in %; **: significant at 1%, at the lowest evaluated concentration (0.1%), PGI of inhibition was greater than 50%. (E. globulus= Eucalyptus globulus)
FIGURE 1 -Percentage of germination inhibition (PGI) of Plasmopara viticola spores by essential oils of cinnamon (A), eucalyptus globulus (B), marjoram (C), melaleuca (D), peppermint (E), oregano (F) and white thyme (G) at five concentrations (0.1, 0.5, 1, 2 and 4%) for the four incubation periods (6, 12, 24 and 48 hours). ( ** : significant at 1% of probability). -23.00 (-) -38.00 (-) -42.50 (-) -54.00 (-) -60.25 (-) 6 -0.5 -10.00 (-) -29.00 (-) -6.25 ns -20.25 (-) -28.00 (-) -45.25 (-) -54.00 (-) -17.00 (-) -11.00 (-) 24 -0.1 -48.75 (-) -55.00 (-) -58.00 (-) -63.75 (-) -65.50 (-) -62.75 (-) -66.00 (-) 24 -0.5 -35.50 (-) -49.75 (-) -46.75 (-) -56.25 (-) -62.50 (-) -63.75 (-) -65.75 (-) 24 -1.0 -17.50 (-) -39.25 (-) -35.00 (-) -44.00 (-) -53.00 (-) -55.00 (-) -62.00 (-) 24 -2.0 -12.00 (-) -20.25 (-) -16.75 (-) -23.00 (-) -36.00 (-) -46.50 (-) -39.00 (-) 24 - -20.75 (-) 48 -0.1 -50.00 (-) -64.25 (-) -66.00 (-) -66.25 (-) -66.50 (-) -63.25 (-) -66.50 (-) 48 -0.5 -48.25 (-) -63.25 (-) -66.25 (-) -63.25 (-) -64.25 (-) -64.50 (-) -66.50 (-) 48 -1.0 -26.50 (-) -43.00 (-) -49.25 (-) -51.00 (-) -60.25 (-) -56.50 (-) -64.75 (-) 48 -2.0 -26.50 (-) -23.25 (-) -30.75 (-) -33.50 (-) -52.75 (-) -48.50 (-) -45.25 (-) 48 -4.0 -11.50 (-) -12.75 (-) -18.25 (-) -18.25 (-) -42.00 (-) -26.00 (-) -28.75 (-) Fungicide 89 CV (%) 4.5 3.5 3.8 4.3 6.6 7.5 6.0 CV (%) = coefficient of variation. 1 = Average differences of the essential oils with the fungicide. Averages followed by (-) or (+) in the column were lower or higher, respectively, to the fungicide, at a 1% probability level by the Dunnett test; ns = averages do not differ from the fungicide at the 1% probability level by the Dunnett test. (E. globulus= Eucalyptus globulus. W. thyme= White thyme). (-) -63.00 (-) -49.75 (-) -66.00 (-) -51.00 (-) -58.25 (-) 24 -0.5 -56.75 (-) -39.75 (-) -61.00 (-) -50.00 (-) -64.00 (-) -48.00 (-) -53.00 (-) 24 -1.0 -27.75 (-) -15.00 (-) -45.00 (-) -26.75 (-) -53.00 (-) -22.50 (-) -31.50 (-) -57.00 (-) -60.00 (-) 48 -0.5 -61.25 (-) -41.50 (-) -63.25 (-) -54.50 (-) -64.25 (-) -50.00 (-) -59.50 (-) 48 -1.0 -28.50 (-) -14.75 (-) -48.25 (-) -35.00 (-) -62.00 (-) -43.00 (-) -39.50 (-) 48 -2.0 -2.75 ns -15.25 (-) -11.25 (-) -10.00 (-) -40.50 (-) -18.75 (-) -38.25 (-) CV (%) = coefficient of variation. 1 = Average differences of the essential oils with the fungicide. Averages followed by (-) or (+) in the column were lower or higher, respectively, to the fungicide, at a 1% probability level by the Dunnett test; ns = averages do not differ from the fungicide at the 1% probability level by the Dunnett test. (E. globulus= Eucalyptus globulus; W. thyme= White thyme).
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CONCLUSIONS
In direct contact with the pathogen, the cinnamon essential oil provided greater inhibition of spore germination after 48 h of incubation.
In gas contact, the major antifungal activity was exhibited by the essential oil of eucalyptus globulus.
The cinnamon and eucalyptus globulus essential oils were more efficient in inhibiting the P. viticola germination, after the application in grapevine leaves, in the field.
In the shortest incubation periods, but at high concentrations, the essential oils are as efficient as the fungicide.
The evaluation of P. viticola spore germination after several incubation periods, allowed observing the fungistatic activity of the essential oils.
All the essential oils showed fungistatic activity, verified by the increase of the P. viticola spores germination over time. 
Essential Oils Incubation Period (h) CV (%) 24 48
Cinnamon -3.00 ns¹ -11.50 (-) 2.9 E. globulus -11.25 (-) -14.50 (-) 4.8
Marjoram -25.00 (-) -32.75 (-) 5.4
Melaleuca -53.00 (-) -61.25 (-) 15.4 Peppermint -51.25 (-) -60.00 (-) 14.9
Oregano -3.00 ns -31.00 (-) 3.7 White thyme -25.75 (-) -47.50 (-) 8.0
Fungicide 68
CV (%) = coefficient of variation. 1 = Average differences of the essential oils with the fungicide. Averages followed by (-) or (+) in the column were lower or higher, respectively, to the fungicide, at a 1% probability level by the Dunnett test; ns = averages do not differ from the fungicide at the 1% probability level by the Dunnett test. (E. globulus= Eucalyptus globulus).
